Introduction
We have begun an experiment in Oxford in reorganizing the medical information routinely recorded in a community, so that it can be exploited to the full both as a weapon for research into the Ttiology and natural history of disease, and as a means of increasing the efficiency and quality of the services rendered to the patient (Acheson 1964) .
I first became interested in the use of routinely recorded medical data for research when I worked with Dr Martin Cummings at the US Veterans Administration Central Office in Washington in 1959. The Veterans Administration has a nationwide system of medical records of which a central sample is filed in Washington, and in which the various records of an individual are brought together by means of a unit (or claim) number. Although the VA data have been demonstrated to be of epidemiological value, they have the limitation that the population at risk may be difficult to define, as veterans do not necessarily use VA hospitals (Cummings et al. 1956 , Acheson & Bachrach 1960 . On returning to Britain in 1960 it occurred to me that, with a National Health Service which provides 90 % of the hospital care in this country, we might have an even greater opportunity (Acheson et al. 1961 ). Thanks to the support of the Nuffield Foundation, my colleagues, Professor L J Witts, Dr S C Truelove and Mr A Barr, and I were able to start on a pilot study on January 1, 1962. Almost two years after commencement we have a going concern in a limited way, and in this paper I shall discuss method briefly and present some preliminary results. 18
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In Britain many important data are recorded about health and disease, and we have certain types of health statistics available on a national scale. For example, for many years we have had the most sophisticated analysis of mortality in the world; valuable data concerning discharges from hospital are also provided by the Hospital Inpatient Enquiry; an annual digest of certificates of incapacity for work is also available. Much information of epidemiological and administrative value has come from these sources. Their limitation is that they tell little or nothing concerning the combinations of events implicit in the terms 'readmission', 'recurrence', 'prognosis' and 'differential survival'; nor about the association between diseases, and nothing concerning the patterns of disease in families.
Unfortunately much more recorded information is stored and filed in such a way that it is effectively lost. Thus birth, marriage and death certificates are filed separately from the morbidity data, and separately from each other. The tripartite structure of the Health Service aggravates the situation, particularly in the fields of obstetrics, pediatrics and geriatrics, and information relating to people and their problems is split between the local health authority, the hospital and the family doctor.
For example, within weeks of birth the vast majority of externally obvious congenital anomalies occurring in this country will have been noted and recorded. These will include hare-lip, cleft palate, meningocele, anomalies of the limbs and external ear, imperforate anus, most cyanotic heart disease and so on. Unfortunately they are currently recorded in so many different files that very large changes in incidence could go undetected: they are in effect lost and cannot be related to a population at risk without much trouble and expense. I believe that in many instances the failure is not in the amount or even necessarily in the quality of the information recorded but in the way it is stored and our inability to retrieve it.
The question that is currently being examined by the Oxford Record Linkage Study (ORLS) is whether it is practicable to provide a single integrated file of-health data for a community in which the main events occurring to persons will not only be recorded but will also be brought together in such a way as to permit both crosssectional and longitudinal patterns of events to be made out and also familial aggregations of disease to be studied.
The Idea ofRecord Linkage In its broadest sense record linkage can be defined as the bringing together of documents which are normally filed separately but which relate to an individual or family group. Although Farr had written of the advantages of such a system, it was Stocks (1944) who first clearly delineated the advantages of bringing together in one place data relating to the important health events in an individual's life history from birth to death. More recently Newcombe and his colleagues in Canada have made two further contributions (Newcombe et al. 1959): (1) They have taken the initial step in linking the records of families by bringing together stillbirth and birth certificates with marriage certificates. (2) They have introduced the electronic computer as a means of bringing together documents with discrepant identification data.
In this way the vital certificates are being used by Newcombe to trace out the latticework of blood relationships in a community. This is in itself a fundamental step: however, the use in medicine of such a system is limited until this matrix can be clothed with diagnostic and sociological data from other sources.
In the field of mental health a linked file of data is now in operation for the State of Maryland. The master index is on magnetic tape (Phillips et al. 1962 ).
The Study
In Oxford we have defined a population at risk which consists of the residents of the County Borough of Oxford, Oxfordshire (except Henley) and Abingdon Borough and RD in Berkshire, and comprises a total of 325,000 persons, subject to increase from birth and immigration, and decrease from death and emigration. The shape and siz of the area is based on a conservative estimate of the drainage area of the hospitals in andMaround Oxford and Banbury (Fig 1) . Data Collection of data for 1962 was closed in June 1963 and we are now on the way towards complete collection for 1963. We have checked our degree of ascertainment as best we can from available sources including Forms SH3 of the Ministry of Health and the MOsH reports on domiciliary obstetrics; and have coinmenced analysis. A total of 49,813 events was ascertained for 1962, of which 39,547 related to persons within the area, and 10,266 to persons resident outside the area (Table 1 ). The data referring to outsiders will not be considered further here.
The transcribed data are coded centrally, standard codes being used wherever possible, and are punched on 80-column cards. The process of linkage of the records involves two stages which can be performed either clerically or by computer:
(1) The records are sorted into sequences which will permit pairs of documents likely to relate to the same person to be brought together for scrutiny. (2) A decision is made whether or not the two records originate from the same individual in spite of any discrepancies or omissions which may be present in the identifying particulars. In 1962 both these stages were carried out clerically using a master index arranged alphabetically by maiden surname with cross-index cards under married surname for married women. We are now in a stage of transition and hope shortly to When the process of linkage has been completed, by whatever means, information concerning the different events which have occurred to an individual can be brought together at will. Thus we can turn from counting events (such as hospital discharges) to counting the persons to whom one or more such events have occurred. Table 2 shows what happens when the number of hospital discharges for residents in our area in 1962 was reduced to the number of persons discharged at least once in 1962. The numbers are reduced from 22,522 discharges to 18,366 persons discharged once, twice, &c., a substantial reduction, amounting to 23 %.
We have also brought together the records of babies born in 1962 with those of their mothers, so that we can study the relationship of certain events during pregnancy and delivery and the hospital morbidity and mortality of the child and mother in subsequent months and years. We are now beginning to accumulate sibships due to the arrival of second babies since our starting date. Eventually we hope to be able to identify the father's records and link them with those of mother and baby. 
Preliminary Results
The nature of our linked file permits us to engage both in cross-sectional and longitudinal types of analysis. As far as the former is concerned we have two principal limitations: (1) We are currently limited by small numbers to the study of common events.
(2) We are at present limited to studying those events which normally result in either admission to hospital or death, e.g. the acute abdomen, most of the cancers, attempted suicide, serious fractures and head injuries; or to certain events which occur in hospitals, like most surgical operations. In addition, however, we can study pregnancy and childbirth.
In the field of obstetrics we have the double advantage of large numbers (6,3531 deliveries in 1962) and complete ascertainment regardless of whether the birth occurred at home or in hospital. By bringing records together across the barriers between the three divisions of the Health Service we have been able to follow J N Morris's precept and 'complete the clinical picture' for the community (Morris 1957).
In our area we have a teaching hospital with consultant obstetric services, a district hospital with some beds under the care of a consultant obstetrician and others under the care of general' practitioners, and three hospitals containing' general practitioner obstetric beds only. In 1962 73% of the deliveries took place in these hospitals, and 27 % at home, a higher hospitalization rate than for the country at large, and indeed' higher even than that recomnmended by the Cranbrook Report (Ministry of Healthl959).
As the recent sharp upturn in birthrate is forcing a reappraisal of national policy with regard t6o domiciliary and hospital confinements, my colleagues, Dr J G Evans and Mr M Feldstein, and I felt it would be timely if we could supply some' information about who gets into hospital for delivery in our area and how long they stay. Sir George Godber (1963) has recently drawn attention to the lack of objective data available to planners working in this field.
For the purposes of this analysis we have' divided our area into three parts in terms of the address given by the mother on admission to hospital for delivery: (1) The districts including and surrounding the four market towns which have local maternity beds, namely, Banbury, Bicester, Chipping Norton and Abingdon. (2) The areas without local maternity beds including Witney and Thame, and their surrounding rural districts.
(3) The Oxford urban area itself in which are situated the teaching hospitals. ' A hundred of these mothers were delivered in non-NHS beds, in the area; 262 others were delivered outside the area. As no obstetrical recotfos were obtained for these patients they are not considered further in the analysis. Together they amount to 5 7%, of the total We find that the proportion of all mothers delivered in hospital is highest in districts with local maternity beds (83 %), and is considerably lower in districts without maternity beds (64%). It was a surprise to find that the proportion of mothers delivered in hospital in the urban area with the teaching hospital was also low (64 %).
At this point we classified our mothers into three risk categories, following the Cranbrook Report as closely as possible: Category I (high risk): All mothers of 35 years of age or more, all primipare aged 30 or more, women who have had four or more children, or who have had a stillbirth. This group amounts to 21 % of the total. Fig 2 shows that for each category of risk, mothers living in district-with local maternity beds have the best chance of delivery in hospital, those living in the districts without local beds appreciably less, and those in the Oxford urban area least of all. It also shows that the intermediate risk class (young primipart) is being admitted more frequently everywhere than are the other classes. Is this due to a fashion among young mothers to prefer hospital delivery, or to the fact that they have no children to look after at home, or to a policy among doctors which is possibly mistaken ?
If we take a different index of availability of obstetric beds, namely the proportion of mothers admitted for antenatal or postnatal care, we again find a gradient in respect of place of residence of mother. When interhospital transfers are excluded we find that in the country districts with maternity beds, 12 % of mothers are admitted for antenatal or postnatal care, while in the other rural districts and in the urban area 6 % are admitted.
Looking at the other side of the coin, if we count the number of complications' of domiciliary deliveries which occurred in our three areas and express it as a rate per thousand domiciliary deliveries, we find the trend reversed, the highest rate of domiciliary complications being in the country areas without local beds and the Oxford urban area, while a significantly lower rate occurred in the districts with local beds.
It seems, therefore, that we have uncovered an uneven utilization of obstetric beds in our area which extends to patients whom it is agreed by all should be delivered in hospital. One important factor may be the distance of the mother's residence from the hospital. If so, this may affect both policy and planning. In residents of the Oxford urban area the relatively low admission rates may be due to the crowding out of local residents from the teaching hospital by higher risk cases from the country. Further analyses are planned to try to cast light on both these points.
If the problem is that more space in hospital is required in our area for obstetric patients, do we need more beds, or can we use our present bed complement more effectively? This question led Mr M Feldstein and me to carry out a study of duration of stay in hospital of the 2,142 completely normal mothers resident in our area who were delivered in hospital in 1962. By normal deliveries we mean those in which no complications of pregnancy, delivery or the puerperium had occurred" and which resulted in the birth of a living baby subsequently discharged well. Fig 3 shows the distribution of duration of stay of these patients broken down by the obstetrician in charge of the case. The letters A to E represent consultants, while X and Y represent groups of general practitioners. The mean duration of stay of these normal mothers in hospital varied from 7 03 days for consultant A to 8 96 for consultant E and 9-92 for one group of general practitioners. In case such differences do not appear important, I should say it can be calculated that if all our obstetricians were to follow the policy of A we could accommodate in hospital the 284 mothers in the Category 1 risk group who were delivered at home in 19622 without building another bed. After an analysis of nine factors relating to these mothers (including age, social class, parity, illegitimacy, past obstetric history)
we have not been able to demonstrate any medical or social reason for these differences in, 1ISC rubric 660-0 'Even if these 'high risk' mothers were allowed an average stay in hospital often days at a bed occupancy of 85 % A-E represent consultants, X and Y groups of general practitioners. 74 normal mothers who were delivered by 9 other doctors are excluded length of hospital treatment. Indeed, had each doctor treated precisely comparable cases in these respects, the differences in duration of stay would probably have been greater, not less.
So far we have not been able to throw any light on the question whether it is better for a normal mother to stay a long or a short time in hospital. This question, which is very much in our minds, may require an ad hoc survey. We can, however, identify in our material normal mothers who have stayed short or long periods in hospital at delivery, and follow the morbidity and mortality experience of them and their babies.
Before leaving obstetrics, I should like to emphasize that all the usual indices (stillbirth, maternal mortality rate and neonatal mortality rate) indicate that our area enjoys a higher standard of obstetric practice than England and Wales at large. However, the implications of our analysis may also apply to other areas.
For longitudinal studies we are in future going to be limited by the unknown degree of attenuation of our data by emigration from the area. We intend to study this in due course, but in the meantime we are assuming that emigration will not introduce an important degree of bias for follow-up studies of two years or less.
At present we are studying interhospital transfer and readmission patterns within our area for 1962. In particular it will be of interest to see to what extent variations in duration of stay between hospitals are offset by transfers and readmissions.
We have found, as might be expected, that the chance of a patient having a further spell or spells in hospital during the year is related to age and sex. Fig 4, which shows first discharge rates and readmission or transfer rates by age, illustrates a rise in both indices with age in both sexes. The actual inflation of statistics based on hospital spells is greater than suggested in Fig 4 because readmission and transfer occur more than once in some instances. Thus it was found that in persons aged 15-24 there were approximately 114 completed hospital spells during 1962 for every 100 persons discharged from hospital, while for the age group 65-74 the figures were 135 completed spells per 100 persons. The type of hospital from which the patient is first discharged during the year is evidently also important (Table 3) .
A study of the survival of persons after discharge from hospital and of the pattern of deaths at home in our community is also being undertaken.
In addition to providing statistics of one sort or another, the file has other uses. We have arranged a special procedure for certain categories of illness which might be toxic in origin including blooddyscrasias, toxic 
Conclusion
Thanks to the goodwill and co-operation of the Oxford 'Regional Hospital' Board and the Board of Governors of the United Oxford Hospitals, the Medical Officers of Health and many others, we have in operation a central file of linked morbidity and mortality data for a defined population. The units in this file are the person and the family, not a branch of the Health Service. Although our morbidity ascertainment is still woefully incomplete and we still have many technical problems to'solve, we hope we have already shown some of the ways in which the data which are accumulating may be useful.
In future, efforts will be directed towards cutting'out some of the manual methods at present in use, since these are expensive, time consuming and subject to human error. Eventually it is hoped t' abolish the manual transcription of data by introducing a degree of standardization of inpatient summary sheets so that coding can be done directlyf-rom photocopies.
One of the' most difficult problems in planning concerns the conflictifhg claims' of depth of coverage and the 'size'of the population to be covered. The size of the population is important because it determines how quickly material will accumulate concemitig3 an 'event or pattern of events of a giVen frequeAcy.-With larger populations it will be pobsib1e to sftudy' iArer events more quickly. The id@l size of pbpulition is also related to the prob-l&`f ''initritni. Other things being equal, the-smaller the population the more wastage there will be due to emigration and the more attenuation of longitudinal data.
There is no doubt that the current study population is too small. If it is to be extended substantially it will be necessary to revise the form of the vital certificates used in England and Wales so that they will contain for the first time adequate data to identify the individual, in spite of changes of surname on marriage and of address, and permit the identification of the parents on at least one certificate, thus bringing them into line with those of Canada, New Zealand and the United States. For the economic handling of. very large files it is probable that the additional discriminating power of some sort of 'given number', like the National Health Service number, will be necessary on the incoming 'amending' items. For this reason we are interested in any measure (for example, the design of a personal card carrying the immunization record of a patient), which will increase the use of the NHS number. That modern equipment permits the handling of very large files of data indeed is shown by the experience of the Ministry of Pensions and National Insurance with the National Graduated Pensions Scheme. By means of a large electronic data-processing installation it has been found possible there to update a file of 27,500,000 accounts in respect of 350,000 amending items a day and to answer2,500enquiries on alternate days. Perhaps I may be permitted to took forward to the day when the national 10% sample of hospital admissions, currently collected by the Hospital In-patient Enquiry and based on date of birth, is extended to cover other types of event, such as school medical examination and selected types of out-patient data, and is linked with birth and death certificates. If such a system, which I now know to be a practical proposition, were suptlemented by two or three local studies with 100 % coverage of a population of a million, this would permit family aggregations of disease also to be studied. We would then have in this country a system of medical information worthy of our special opportunities.
